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Inputs: Two sequences Xand Y
Outputs: Optimal alignment score of X and Y
1 p < gapPenalty
2 For (i From 0 To length(X)) Do
3 D[i][0] « pxi
4.  EndDo
5. For (j From 0 To length(Y)) Do
6
7
8
9

D[O][j] « pxj

End Do

For (i From 1 To length(X)) Do
For (j From 1 To length(Y)) Do

10. Match « D[i-1][j-1] + Score(xi, y;)
11. Delete « D[i-1][j] + p

12. Insert « D[i][j-1] + p

13. D[i][j] < max{Match, Insert, Delete}
14. End Do

15. End Do

16. Return D[length(X)-1][length(Y)-1]
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NW(X;,Y;) = max{
NW(Xl-_l,Y]-_l) + Score(xi,yj) m
NW(X,-,lG-_l) + gapPenalty
NW(X,-_l,lg-) + gapPenalty
}
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Inputs: Two sequences X and Y
Outputs: Optimal alignment score of X and Y
1. p < gapPenalty
NW (Xi, Y)):

2
3 m « length(X)
4. n < length(Y)
5. If(m=00Rn=0)
6 Return p X max{m, n}
7 End If
8. If Xm-1 = yn1
9. Return Score(x;, y;) + NW(Xi-1, Y1)
10. Elself
11. Return p + max{NW(X; Y;-1) , NW(Xi1, Y))}
12. End If
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1. p < gapPenalty
2. Nd < numberOfDiagonalSteps
3. For (d From 1 To Nd) Do
4 Parallel For (cell in CellsWithldx(d)) Do
5. i « cell.row
6. j « cell.col
7 If tracingDirection(cell) = FORWARD
8 Match « DJi-1][j-1] + Score(xi, y;)
9 Delete « D[i-1][j] + p
10. Insert « D[i][j-1] + p
11. Else
12. Match « D[i4+1][j+1] + Score(xi, yj)
13. Delete « D[i+1][j] + p
14. Insert « D[i][j+1] + p
15. End If
16. DJi][j] « D[i][j] + max{Match, Insert, Delete}
17. End Do
18. EndDo

19. Return max{CellsWithldx(Nd)}
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Abstract

Sequence alignment is a widely used process in bioinformatics applications that is used to find the
similarities among amino-acid or DNA sequences. Pairwise sequences alignment is a fundamental
operation that is also worked in multiple sequences alignments. The Needleman-Wunsch algorithm
is one of the sequence alignment approaches which uses a dynamic programming method. One of the
challenges in this algorithm is high time complexity. To mitigate this issue and improve the execution
time, parallel solutions can be considered. Moreover, with recent multi-core processors and the
possibility of performing efficient computations in parallel, significant acceleration can be achieved.
In the existing parallelization methods, in each step of dynamic programing, the array cells of one
diameter, in a two-dimensional array, are completed simultaneously and filled in a parallel manner.
However, these methods cannot efficiently utilize the processor’s resources. Therefore, in this paper,
by changing the perspective on the problem and considering a graph-like perception, a method is
suggested to efficiently utilize the processor cores and provide a suitable performance compared to
previous methods. The results show that in the proposed implementation, performance
improvement is achieved up to 5.9X compared to the previous works.
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